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WHAT IS ALREADY KNOWN ABOUT

anticancer drug.
• Standard 5-FU dosing claims 15–30% of
severe toxicities and 1% of toxic death.

• Dihydropyrimidine dehydrogenase (DPD)
deficiency is a pharmacogenetic

liver disposition of 5-FU.

WHAT THIS STUDY ADDS
• We have implemented a simple and rapid

cancers.
• This method was next used to tailor 5-FU
dosing according to DPD phenotype in
routine cancer patients.

• Reducing 5-FU dosing in DPD deficient

prevented severe toxicities.
• The efficacy�toxicity balance of 5-FU could
be improved at low cost using this strategy.
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THIS SUBJECT
• 5-FU is the most-widely prescribed
 AIMS

5-FU is the backbone of most regimens in digestive oncology. Administration of
standard 5-FU leads to 15–30% of severe side effects, and lethal toxicities are
regularly reported with fluoropyrimidine drugs. Dihydropyrimidine
dehydrogenase (DPD) deficiency is a pharmacogenetic syndrome responsible
for most cases of life-threatening toxicities upon 5-FU intake, and pre-treatment
checking for DPD status should help to reduce both incidence and severity of
side effects through adaptive dosing strategies.
polymorphism responsible for most cases of

severe/lethal toxicities because it affects the

METHODS
We have used a simple method for rapidly establishing the DPD phenotype of
patients with cancer and used it prospectively in 59 routine patients treated
with 5-FU-based therapy for digestive cancers. No patient with total DPD
deficiency was found but 23% of patients exhibited poor metabolizer
phenotype, and one patient was phenotyped as profoundly deficient.
Consequently, 5-FU doses in poor metabolizer patients were cut by an average
35% as compared with non deficient patients (2390 ± 1225 mg vs.
3653 ± 1371 mg, P < 0.003, t-test).
method to establish DPD status on a

phenotypic basis in patients with digestive

RESULTS
Despite this marked reduction in 5-FU dosing, similar efficacy was achieved in
the two subsets (clinical benefit: 40 vs. 43%, stable disease: 40 vs. 37%,
progressive disease: 20% in both subsets, P = 0.893, Pearson’s chi-square). No
difference in toxicities was observed (P = 0.104, Fisher’s exact test). Overall, only
3% of early severe toxicities were recorded, a value markedly lower than the
15-30% ones usually reported with 5-FU.
patients did not affect drug efficacy while it

CONCLUSIONS
This feasibility study shows how simplified DPD-based adaptive dosing of 5-FU
can reduce sharply the incidence of treatment-related severe toxicities while
maintaining efficacy as part of routine clinical practice in digestive oncology.
015 The British Pharmacological Society
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Introduction

5-FU is administered for treating a variety of solid tumours
in adults, including digestive cancers. In patients with
cancer of the lower digestive tract, 5-FU is associated
with other cytoxics such as irinotecan (a.k.a. Folfiri regimen)
or oxaliplatin (a.k.a. Folfox), and can be further combined
with the latest available targeted therapies such as anti-
VEGF or anti-EGFR1 monoclonal antibodies, making this
drug the backbone of most treatments in digestive
oncology [1]. Owing to the number of patients treated
worldwide, limiting the occurrence of severe 5-FU-related
side effects is a major issue, and it is known that patients
with dihydropyrimidine dehydrogenase (DPD) deficiency, a
pharmacogenetic syndrome resulting in partial or total
loss of ability to detoxify 5-FU in the liver (Figure 1), will
experience severe/lethal toxicities [2]. Depending on
the regimen, administration of standard 5-FU usually
leads to 15–30% of severe toxicities, and about 1%
of toxic deaths have been regularly reported in the
literature [3]. Historically, direct measurement of DPD
enzymatic activity in lymphocytes with radiolabelled
substrates has been first proposed to establish the DPD
status in patients. However, it is now considered as a
time-consuming, costly and potentially biased method
which can fail in predicting both the 5-FU pharmacokinetic
profile and pharmacodynamic endpoints [4], and a vari-
ety of surrogate methods have been tested for years [5]
Upfront screening for DPD deficiency should help to
improve the efficacy/toxicity balance of 5-FU through
adaptive dosing strategies. Various approaches have
been proposed to address the issue of securing 5-FU
Figure 1
Dihydropyrimidine dehydrogenase (DPD) rapidly catabolizes more than 80% o
5-FU is distributed throughout the body and converted into nucleosides or deo
FdUTP and FUTP which display cytotoxic properties against TS, DNA and RNA
active metabolites, thus triggering exposure of both healthy and tumor tissues
dosing, with noticeable results in improving clinical
outcome [6]. However, most of them require heavy phar-
macokinetics and/or expensive phenotyping-genotyping
combined strategies with multiple sampling, that may not
always meet the bedside requirements of implementation
as a routine practice next [7, 8]. We have therefore
developed a cost-effective and rapid surrogate method to
establish, on a phenotypic basis using a single blood sam-
ple and standard h.p.l.c. equipment, the DPD status in pa-
tients scheduled for a 5-FU-based regimen [9] and to
tailor dosing accordingly. Here, we present the clinical
results of this rapid DPD-driven adaptive dosing strategy
over 1 year of routine clinical practice in the digestive
oncology unit of our institute.
Methods

Patients
Any new adult patients admitted in the Digestive
Oncology Unit of the La Timone University Hospital of
Marseille, France and scheduled for any 5-FU-based
regimen were considered. A total of 59 adult patients
(34M/25F, mean age 63.3 , range 24–83 years old,
92.6% Caucasian, 5.7% northern African, 1.7% African)
were hospitalized over 1 year of routine clinical practice
in the unit. All patients were scheduled for a
5-FU-containing regimen for treating digestive cancer
(e.g. colorectal, rectal, other) and none had received a
fluoropyrimidine drug before. Signed informed consent
was obtained prior to sampling the patients for DPD
genetic status determination. Patients were scheduled
f the administered dose of 5-FU to inactive metabolites. The remaining
xunucleosides then nucleotides or deoxynucleotides, including FdUMP,
respectively. DPD deficiency will increase the conversion of 5-FU into

Br J Clin Pharmacol / 81:1 / 125



M. Launay et al.
for Folfox-4 (36%), FolFiri (20%), LV-5-FU + CDDP (19%),
LV-5-FU2 (15%) and other fluoropyrimidine-containing
chemotherapy combinations (10%).

Pre-therapeutic screening for DPD
One 3ml blood sample was withdrawn about 1 week before
starting the treatment for DPD status evaluation. DPD defi-
ciency was screened using a surrogate phenotyping test
based upon the monitoring of the endogenous UH2 to U
(UH2 : U) ratio in plasma after standard liquid–liquid extrac-
tion using a simple and time-effective h.p.l.c.-u.v. method,
adapted from the method previously described [9, 10].
Calculation of such a ratio permits the determination of
DPD status as a continuous variable. Because no mathema-
tical model was yet available, here we categorized patients
depending on their UH2 : U ratio values. Patients were con-
sidered as not extensivemetabolizers (EM) when the UH2 : U
ratio was>4, and poor metabolizers (PM) when the UH2 : U
ratio was<4 (i.e. mildly DPD deficient when the UH2 : U ratio
was comprised between 2 and 4, intermediary DPD deficient
when the U : UH2 ratio was comprised between 1 and 2, and
profoundly DPD deficient when the UH2 : UH ratio was<1).
Complete deficiency was defined as UH2 : U below 0.5 or
whenUH2was not detectable at all upon h.p.l.c. analysis. Ad-
ditional search for the canonical DPYD*2A allelic variant
(IVS14 + 1G > A) was scheduled only in patients for whom
profound or severe deficiency was evidenced, using HRM
technology as described previously [9]. To this end, a
standardized personal informed consent form for germline
genetic investigations was obtained following the French
Biomedicine Agency guidelines.

DPD-based adaptive dosing
Doses were tailored prospectively according to the re-
corded DPD status (Figure 2). 5-FU was be precluded in
Figure 2
Geometric scale for tailoring 5-FU dosing depending on the extent of DPD de
made available, DPD status established from UH2 : U ratio measurement in
proposed using a linear geometric scale
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patients displaying total DPDdeficiency (i.e. UH2 : U< 0.5)
due to previous observations of elevated risk of toxic
death in those individuals [7]. The geometric scale for
dose tailoring was indicative, and could be further ad-
justed based upon the clinical experience of the team
[10]. Frail patients (e.g. elderly patients, poor perfor-
mance status or patients presenting with several comor-
bidities) could have their 5-FU dose further reduced,
regardless of their DPD status, as part of the routine clin-
ical practice of the unit. Comparison in dosing between
DPD deficient and non-DPD deficient subsets was per-
formed using a standard t-test (Sigma Stat 2.03, SPSS
Inc, Germany).

Toxicity was monitored using standard CTC 2.0 grading.
Special attention was paid to early toxicities (i.e. showing af-
ter the first and the second course of 5-FU) because they
are more likely to be attributed to inherited impaired DPD
function. Delayed or cumulative toxicities (i.e. showing after
the 3 day course) were monitored as well as part of routine
care, despite being less likely to be attributed to a genetic
polymorphism. Efficacy was evaluated at 3 months using
the standard RECIST 1.1. criteria in digestive oncology.
Clinical benefit was determined as the combined
complete + partial responses.

Comparisons between groups were performed using
Pearson’s chi-square test or Fisher’s exact test depending
on data distribution (Sigma Stat 2.03, SPSS Inc, Germany).
Results

DPD-phenotype screening
UH2 : U ratios among our patients were not distributed
following a normal law (P > 0.05, Kolmogorov Smirnov
testing) and normal Kernel analysis confirmed indeed a
ficiency in PM patients. Because no mathematical model has yet been
plasma was transformed as a discrete value and dose reduction was
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multi-modal distribution (data not shown). Fifteen out of
59 patients (i.e. 25%) were found to be PM and displayed
mild (eight patients, i.e. 13.6%), intermediary (six pa-
tients, i.e. 10.2%) and profound (one patient, i.e. 1.7%)
DPD deficiency. No patient with total DPD deficiency
was found. Accordingly, no patient bearing the
IVS14 + 1G > A polymorphism was found (data not
shown). No difference in age (69.3 ± 9.8 vs.
61.4 ± 13.6 years), gender (9 M/6F vs. 25 M/19F) or ethnic-
ity was observed between PM patients and EM patients.

DPD-based dose tailoring
In the subset of DPD deficient patients (subset 1),
5-FU dosage was cut by 15–50%. Consequently, mean
5-FU total doses were 2390 ± 1225 mg in DPD deficient
patients (subset 1, n = 15) and 3653 ± 1371 mg in patients
with no DPD deficiency (subset 2, n = 44), i.e. an average
35% reduction in dosing (P = 0.003, t-test).

Table 1 encapsulates both toxicity and efficacy
figures in the two subsets. No early severe toxicities
(i.e. > grade 3) were observed in the subset of PM pa-
tients with tailored dosage, whereas two EM patients
(i.e. 5% of subset 2 representing 3% of the all patients)
treated with standard Folfiri and LV-5-FU + CDDP regi-
mens showed grade 3 diarrhoea after the first and second
course of treatment. Severe delayed/cumulative toxicities
showed after the third course (i.e. more than 42 days after
the first 5-FU administration) in three EM patients (one
grade 3 nausea/vomiting, one grade 3 diarrhoea and
one grade 3 neutropenia) and in one PM patient with
reduced dosing (grade 3 neutropenia). Because of zero
values in the early severe toxicities category in subset 1,
it was not possible to run a chi-square test. Fisher’s exact
test was performed instead and found no statistical differ-
ence in toxicities between the subsets (P = 0.104). For
subsets 1 and 2, the clinical benefit (CR + PR) was 40%
and 43%, stable disease 40% and 37% respectively and
progressive disease 20% in both subsets. No statistical
difference in response was found between the groups
(P = 0.893, Pearson’s chi-square test).
Table 1
Comparison of 5-FU dosing, clinical response and drug-related toxicities betwee
1, no difference in clinical outcome was observed between the groups

Subset 1 (n = 15) PM patients Tailored 5-FU Sub

5-FU total dose (mg) 2390 +/� 1225 365

Clinical benefit (CR + PR) 40% 43%

Stable disease 40% 37%

Progressive disease 20% 20%

Early severe toxicities 0% 5%

Early G1-G2 toxicities 80% 86%

No early toxicities 20% 9%

Delayed severe toxicities 7% 7%

CR complete response; PR partial response.
Discussion

Standard 5-FU admittedly leads to 10–30% of severe tox-
icities, including 0.5 up to 4% of toxic-deaths, depending
on the regimen [3, 9]. DPD deficiency is a pharmacoge-
netic syndrome associated with increased risk of devel-
oping life-threatening toxicities in patients receiving a
5-FU-containing regimen. Admittedly, 30 to 80% of the
severe toxicities recorded after 5-FU intake could be at-
tributable to impaired DPD activity in the liver [2, 11]
and DPD deficiency is an issue in patients undergoing
oral capecitabine as well [9, 12]. In this respect, develop-
ing strategies to anticipate treatment-related toxicities
by the pre-identification of DPD deficient patients and
subsequent dose tailoring should improve the efficacy–
toxicity balance of this widely prescribed anticancer
drug [7]. Defining the best strategy to evaluate the
actual DPD status is a controversial issue, and the utility of
screening patients on the DPYD genotype remains widely
debated today [2, 13]. Several variants (i.e. IVS14 + 1G > A,
464 T > A, 1679C > T, 2846 T > A and 2194G > A to name
but a few) have been proposed as genetic determinants to
anticipate 5-FU-induced toxicities [14] and novel mutations
are regularly reported [15, 16]. Of note, a growing number
of meta-analyses are now published but do not systemati-
cally identify the same DPYD variants [17–19]. Here,
DPD status was primarily evaluated on a phenotype ba-
sis. Because this work was taken from the actual routine
practice of the Digestive Oncology Unit of our institute,
it encapsulates a wide range of 5-FU based regimens
(up to four main regimens: FolFox, FolFiri, LV-5FU2,
LV-5FU + CDDP), so as to present our strategy in the
actual diversity of real-life clinical settings. Here, simple
functional testing for DPD activity requiring a single
pre-treatment blood sample and a standard h.p.l.c. pro-
cedure proved to be sufficient to identify PM patients
on a phenotypic basis and to propose next a simple geo-
metric dose reduction strategy. Of note, we identified
25% of patients at risk of impaired detoxification, a figure
markedly higher than the incidence of DPD deficiency
n subset 1 and subset 2. Despite a marked reduction in dosing in subset

set 2 (n = 44) EM patients Standard 5-FU

3+/� 1371 P = 0003 (t-test)

P = 0893 (Pearson’s chi-square)

P = 0104 Fisher’s exact test
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usually reported from DPYD gene-candidate studies, but
in line with our previous functional study in head and
neck patients [10]. Although most of these PM patients
(eight out of 15, i.e. >50% of the cases) were identified
with mild impairment only and that no complete DPD de-
ficiency was observed. This apparent discrepancy with
the literature illustrates how the actual incidence of
DPD impairment all depends on the technique used to
screen it, and is probably higher actually than what
gene-candidate studies have suggested thus far. Indeed,
most genetic studies based upon the search of the
canonical DPYD*2A allelic variant or the combo
c.1905 + 1G> A, c.1679 T> G, c.2846A> T polymorphisms
[19–21] may fail in identifying all the PM individuals [2],
not to mention the ones subjected to exogenous causes
for impaired DPD such as drug–drug interactions, for ex-
ample with DPD-inhibiting antivirals [22]. Importantly,
and despite the fact that this clinical practice was per-
formed in a single unit on a small number of patients
which should prompt us to interpret the findings
cautiously, this observational study strongly suggests
that a rapid, simple and technically easily affordable
pre-therapeutic screening for DPD deficiency can sharply
reduce the risk of drug-related toxicities, through
subsequent cuts in dosing. Here, only two out of 59
patients (i.e. 3%) showed early severe toxicities, none
among those with PM phenotype, whereas 15% of grade
3–4 toxicities and 0.9% of toxic deaths had been previ-
ously reported in our institute upon the first administra-
tion of standard 5-FU [9]. Of note, only 5% of severe
toxicities were recorded in the subset of EM patients
who were administered standard 5-FU, despite the pres-
ence of elderly patients up to 83 years old. This suggests
that most of the 15–30% of patients who usually display
severe side effects upon 5-FU intake as reported in the li-
terature are probably the PM individuals administered
with standard dosage of the drug when no preliminary
screening for DPD deficiency is undertaken. Importantly,
and despite the average 35% lower doses administered
to patients with DPD deficiency, no loss in efficacy was
observed, most probably because the cut in dosing was
balanced by the reduced liver clearance of 5-FU in these
very patients. Despite its small sample size and the
heterogeneity of the treatment modalities, this study
advocates for the pre-therapeutic screening for DPD
status in patients scheduled for 5-FU-based regimen.
Here, our data suggest that no additional expensive
DPYD genotype support was needed for sharply redu-
cing the risk of 5-FU-induced severe toxicities. The rele-
vance of UH2 : U monitoring as a surrogate for DPD
deficiency testing remains widely debated, when not
openly questioned [23], and alternative and promising
approaches such as exogenous oral uracil intake [24] or
a saliva test [25] have been recently proposed, among
the variety of genotypic and phenotypic strategies pub-
lished thus far to address the issue of upfront detection
128 / 81:1 / Br J Clin Pharmacol
of DPD deficiency [6]. Regardless of the functional test
chosen eventually, and owing to the complexity of
picturing DPYD genetic and epigenetic regulations, es-
tablishing DPD phenotype remains a quick, cost-effective
and convenient method to secure the administration of
fluoropyrimidine drugs. Beside 5-FU, this approach could
be extended to oral capecitabine, because life-threatening
toxicities have been already reported in DPD deficient
patients upon capecitabine intake [25, 26]. Additionally,
because 5-FU exposure levels have been repeatedly
associated with clinical outcome [7, 27], the issue of ultra-
metabolizer patients prone to suboptimal dosing and
detected with a phenotypic approach is a rising concern
with 5-FU [7]. Here, six out of the 59 patients (i.e. 11%)
displayed abnormally high UH2 : U values, thus suggesting
a particularly elevated conversion rate of 5-FU towards
inactive dihydro-5-FU. Of note, two of them (33%) had
progressive disease, although the number of observations
was too small to draw any conclusion regarding the
relevance of increasing 5-FU dosing so as to achieve higher
efficacy in the future. Finally, beyond its small size one of
the weaknesses of this study was the geometric scale used
to customize dosing which was highly empirical and relied
mostly upon the past clinical expertise of our laboratory
and ourmedical team in the field of DPD deficiency. Because
phenotyping DPD generates a continuous variable,
developing a dedicated PK/PD model integrating DPD
status as a covariate to calculate precisely the individual
dosing should achieve better results in terms of reduc-
tion of toxicities and clinical efficacy in the future, pro-
vided that PK-population studies are performed.
Several models for describing 5-FU pharmacokinetics
in DPD deficient patients have already been proposed
[28–30]. When combined with DPD status used as a
covariate, and because 5-FU is always administered as
long-lasting infusions (i.e. 24 up to 96 h), such PK-pop
models could be further used to tailor in real-time
5-FU dosing, based upon a priori DPD status informa-
tion, population parameters and early blood samples
collected as soon as 5-FU reaches its steady-state.

In conclusion we have implemented in routine clinical
practice a simple method to detect patients with DPD PM
status so as to tailor dosing of 5-FU. Although adaptive
dosing was performed on an empirical and intuitive geo-
metric basis (the lower the UH2 : U ratio, the deeper the
reduction), clinical monitoring in 59 patients with diges-
tive cancers showed that reducing dosing by an average
35% in PM individuals did not affect efficacy. Of note,
only 3% of severe toxicities were recorded, a value mark-
edly lower than the 15–30% of treatment-related toxic-
ities described with 5-FU. Overall, and although to be
considered as a feasibility study, this work demonstrates
that basic DPD-based adaptive dosing of 5-FU achieves
better efficacy–toxicity balance in patients with digestive
cancer and can be implemented in routine clinical prac-
tice. Developing a proper PK/PD/PGx model should help
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in the future to tailor more precisely 5-FU dosing, so as to
achieve a better optimization of the efficacy–toxicity
balance of 5-FU.
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